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1 . Title of the invention 

Method for Manufacturing Ultrasonic Transducer Array Shape 
Structure 

2 . Brief description of the figures 

Figures la-Id show a method for manufacturing an ultrasonic 
transducer array shape structure of a conventional method. 

Figures 2a-2e sequentially show a method for /2 
manufacturing the ultrasonic transducer array shape structure of 
a first application example of the present invention. 

Figures 3a-3f sequentially show a method for manufacturing 
the ultrasonic transducer array shape structure of a second 
application example of the present invention. 

3 . Detailed explanation of the invention 
(Purpose of the invention) 

(Technical field of the invention and prior art) 

1 Numbers in the margin indicate pagination in the foreign 
text . 

2 



The present invention pertains to an ultrasonic transducer 
array. In particular, the present invention pertains to an 
ultrasonic transducer. 

Since the discovery of the piezoelectric characteristics of 
a PZT (Pb (Zr,Ti) 0 3 ) ceramic, the research for a practical use of 
these electric properties is constantly advanced, and various 
usages such as resonator for adjusting the frequency of an 
oscillator, ceramic filter for a frequency modulation, and 
ultrasonic generator for generating ultrasonic rays are 
currently utilized and researched. In particular, the 
ultrasonic transducer is variously used in nondestructive 
examination, medical diagnosis, underwater acoustic detection, 
etc . 

The ultrasonic transducer converts an electric energy into 
an acoustic energy and converts an acoustic energy into an 
electric energy. It converts an electric signal given from a 
system into an ultrasonic signal, receives the ultrasonic signal 
absorbed or reflected from the living body, and converts it into 
an electric signal. 

Recently, researches for improving the resolution have been 
actively advanced in the method for manufacturing the ultrasonic 
transducer shape structure. One of these methods is the 
manufacture of a fine PZT column with a high aspect ratio. It 

3 



is reported that the resolution is improved as the volume 
fraction of a piezoelectric ceramic can be reduced and the PZT 
column can maintain a high aspect ratio. 

In order to form such a PZT column, a method for 
manufacturing an ultrasonic transducer using a LIGA technique 
(Lithographie, Galvanof ormung, Abformung) as a super precision 
working technique has recently been proposed. 

The LIGA process (Lithographie, Galvanof ormung, Abformung) 
means a fine working technique including three steps of etching 
process, electroplating, and plastic molding. 

The etching process using X-rays is a process that 
manufactures a fine structure on a photosensitive layer by 
selectively irradiating and developing X-rays to the 
photosensitive layer via an X-ray mask. 

The electroplating is a process that deposits and fills a 
metal into the part, from which the photosensitive layer of the 
above fine structure is removed, by electroplating and 
manufactures a fine metal structure by removing the 
photosensitive layer . 

Then, the plastic molding is a process that injects a 
plastic, using the above fine metal structure as a mold. 

Figures la-Id show a method for manufacturing an ultrasonic 
transducer array shape structure of a conventional method. 



Figure la shows its first step of the LIGA process. First, 
a mask (110) is placed on a PMMA (polymethyl methacrylate) 
(120), X-rays are irradiated onto the PMMA (120), and the 
exposed part is removed, so that a plastic mold (130) as shown 
in Figure lb is formed. At that time, the PMMA is a kind of 
plastic having a photosensitivity. 

Then, as shown in Figure 1c, a prepared PZT slurry (140) is 
completely filled into the plastic mold (130), and the PZT 
slurry (140) is sintered. Then, the plastic mold (130) is 
removed by the heat in the sintering process, and the PZT slurry 
(140) is sintered, so that an ultrasonic transducer array shape 
structure (150) can be obtained by the PZT with a shape as shown 
in Figure Id. 

However, in the conventional method for manufacturing an 
ultrasonic transducer array by using the LIGA technique, a 
plastic mold is manufactured through a complicated X-ray 
photoetching process, and this plastic mold is consumed each 
time the PZT slurry is sintered. Also, the sintering process of 
the PZT slurry is very complicated, and the work time is long./3 
(Technical problems to be solved by the invention) 

The present invention solves these problems, and its 
purpose is to provide a method for manufacturing an ultrasonic 
transducer array shape structure that can rapidly, easily 



manufacture an ultrasonic transducer array shape structure by 
using a LIGA technique. 

(Constitution and operation of the invention) 

In order to achieve the above purpose, the present 
invention provides a method for manufacturing an ultrasonic 
transducer array shape structure that can manufacture an 
ultrasonic transducer array shape structure by forming a metal 
mold" by a developed PMMA plate and preparing a large amount of 
plastic molds by an injection method using the metal mold or can 
manufacture an ultrasonic transducer array shape structure by 
transferring the metal mold as it is to a PZT plate and 
sintering the PZT plate. 

The method for manufacturing an ultrasonic transducer array 
shape structure of the present invention includes a step that 
exposes a photosensitive layer, a step that forms a 
photosensitive layer structure, a step that forms a metal mold, 
a step that presses the metal mold, and a step that sinters a 
PZT plate. 

At the step that exposes the photosensitive layer, the 
photosensitive layer is formed on an electroconductive 
substrate, and the above-mentioned photosensitive layer is 
exposed by irradiating a light source onto the above-mentioned 
photosensitive layer through a mask. 



At the step that forms the photosensitive layer structure, 
the photosensitive layer structure is formed by developing the 
exposed photosensitive layer until the upper surface of the 
electroconductive substrate is exposed. 

At the step that forms the metal mold, the metal mold is 
formed by plating the photosensitive layer structure with a 
metal . 

At the step that presses the metal mold, an ultrasonic 
transducer array pattern is formed on the above-mentioned PZT 
plate by pressing the metal mold against the PZT plate. 

At the step that sinters the PZT plate, the PZT plate on 
which the ultrasonic transducer array pattern is formed is 
sintered at a fixed temperature. 

At that time, it is characterized by the fact that 
ultraviolet rays are used as the light source being used at the 
step that exposes the photosensitive layer. Also, it is 
characterized by the fact that a PMMA plate is used as the 
photosensitive layer . 

Then, a pretreatment step that removes photosensitive layer 
remnants in the developed part by using an O2 plasma can also be 
further included. 

Next, another method for manufacturing an ultrasonic 
transducer array shape structure of the present invention 



includes a step that exposes a photosensitive layer, a step that 
forms a photosensitive layer structure, a step that forms a 
metal mold, a step that injects a plastic mold, a step that 
presses a PZT plate, and a step that sinters a PZT plate. 

At the step that exposes the photosensitive layer, the 
photosensitive layer is formed on an electroconductive 
substrate, and the photosensitive layer is exposed, by 
irradiating a light source onto the above-mentioned 
photosensitive layer through a mask. 

At the step that forms the photosensitive layer structure, 
the photosensitive layer structure is formed by developing the 
above-mentioned exposed photosensitive layer until the upper 
surface of the electroconductive substrate is exposed. 

At the step that forms the metal mold, the metal mold is 
formed by plating the photosensitive layer structure with a 
metal . 

At the step that injects the plastic mold, the plastic mold 
is injected using the metal mold. 

At the presses the PZT plate, an ultrasonic transducer 
array pattern is formed by pressing the plastic mold against the 
PZT plate. 
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At the step that sinters the PZT plate, the PZT plate on 
which the ultrasonic transducer array pattern is formed is 
sintered at a fixed temperature. 

At that time, it is characterized by the fact that a 
laminator method that presses the plastic mold by heating the 
PZT plate at a fixed temperature or a CIP method that presses 
the plastic mold by a hydraulic pressure is used as the pressing 
method at the step that presses the PZT plate. /4 

Next, a first application example of the present invention 
is explained in detail referring to the figures. 

Figures 2a-2e sequentially show a method for manufacturing 
the ultrasonic transducer array shape structure of a first 
application example of the present invention. 

As shown in Figures 2a-2e, the method for manufacturing an 
ultrasonic transducer array shape structure of the first 
application example of the present invention includes an X-ray 
exposure step, a photosensitive layer developing step, a metal 
mold formation step, a PZT plate pressing step, and a PZT 
sintering step. Using a metal mold, an ultrasonic transducer 
array shape is manufactured. 

As shown in Figure 2a, at the X-ray exposure step, a buffer 
layer (220) is formed to improve the adhesive strength with an 
electroconductive substrate on an electroconductive substrate 



(210) , and a PMMA plate (230) as a photosensitive layer being 
reacted with X-rays is adhered at a thickness of 500-1,000 ym 
onto the buffer layer (220) . At that time, the PMMA plate (230) 
is a kind of acryl plate with a photosensitivity. Then, X-rays 
are exposed to it through the mask (240) so that the X-ray 
energy may be sufficiently cumulated at about 4 kJ/cm 3 at the 
bottom of the PMMA plate (230) . At that time, ultraviolet rays 
may be used instead of the X-rays. 

Next, as shown in Figure 2b, at the photosensitive layer 
exposure step, the exposed PMMA plate (230) as a photosensitive 
layer is immersed into a developing solution and developed, so 
that a photosensitive layer structure is formed. At that time, 
the developing solution includes 2-ethanol, morpholine, and 2- 
aminotehanol, and distilled water at a fixed ratio. If the 
developing is completed, the exposed part is etched with the 
developing solution to the degree that the upper surface of the 
electroconductive substrate (210) is exposed, so that a 
photosensitive layer structure is formed. 

At the metal mold formation step, PMMA remnants left in the 
etched part at the previous step are removed by an 0 2 plasma, and 
the photosensitive structure is dipped for about 1 min into 10% 
sulfuric acid solution, drawn out, dried, and plated with a 
metal by electroplating. The plated metal is detached, so that 
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a metal mold (240) as shown in Figure 2c is formed. At that 
time, the metal being used is nickel or an alloy of nickel and 
copper . 

Next, as shown in Figure 2d, at the PZT plate pressing 
step, a pattern opposite to that of the metal mold (240) is 
formed on a PZT plate (250) by pressing the metal mold (240) 
against the PZT plate (250) . Through this process, the process 
for manufacturing an ultrasonic transducer array shape structure 
can be reduced. 

As shown in Figure 2e, at the PZT sintering step, the 
strength of the PZT plate (250) is raised by sintering the PZT 
plate (250) on which a shape opposite to that of the metal mold 
(240) is formed at a fixed temperature. At that time, the 
sintering is advanced at 1 , 100-1 , 200°C . The PZT plate (250) 
sintered through this process becomes an ultrasonic transducer 
array shape structure. 

Next, a second application example of the present invention 
is explained in detail referring to the figures. 

As shown in Figures 3a-3f, the method for manufacturing the 
ultrasonic transducer array shape structure of the second 
application example of the present invention includes an X-ray 
exposure step, a photosensitive layer formation step, a metal 
mold formation step, a plastic mold formation step, a PZT plate 



pressing step, and a PZT sintering step. Using a metal mold, a 
plastic mold is formed, and an ultrasonic transducer array shape 
is manufactured using the plastic mold. 

As shown in Figure 3a, at the X-ray exposure step, a buffer 
layer (220) is formed to improve the adhesive strength with an 
electroconductive substrate on an electroconductive substrate 
(210), and a PMMA plate (230) as a photosensitive layer being 
reacted with X-rays is adhered at a thickness of 500-1, 000 jam 
onto it. Then, X-rays are exposed to it through the mask (240) 
so that the X-ray energy may be- sufficiently cumulated at about 
4 kJ/cm 3 at the bottom of the PMMA plate (230) . At that time, 
ultraviolet rays may be used instead of the X-rays. 

Next, as shown in Figure 3b, at the photosensitive layer 
exposure step, the exposed PMMA plate (220) [sic; (230) ] as a 
photosensitive layer is immersed into a developing solution and 
developed, so that a photosensitive layer structure is formed. 
At that time, the developing solution includes 2-ethanol, 
morpholine, and 2-aminotehanol , and distilled water at a fixed 
ratio. If the developing is completed, the exposed part is 
etched with the developing solution to the degree that the upper 
surface of the electroconductive substrate (210) is exposed, so 
that a photosensitive layer structure is formed. 
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At the metal mold formation step, PMMA remnants left in the 
etched part at the previous step are removed by an O2 plasma, and 
the photosensitive structure is dipped for about 1 min into 10% 
sulfuric acid solution, drawn out, dried, and plated with a 
metal by electroplating. The plated metal is detached, so that 
a metal mold (240) as shown in Figure 3c is formed. At that 
time, the metal being used is nickel or an alloy of nickel and 
copper . 

As shown in Figure 3d, at the plastic mold formation /5 
step, a plastic mold (310) with a shape opposite to that of the 
metal mold (240) is injected using the metal mold (240) formed 
at the previous step. In this manner, the plastic mold (310) 
for manufacturing an ultrasonic transducer array shape can be 
mass-produced using the metal mold (240) . 

As shown in Figure 3e, at the PZT plate pressing step, an 
ultrasonic transducer array pattern with a shape opposite to 
that of the plastic mold (310). is prepared by pressing the 
plastic mold (310) against a PZT plate (250) which is still not 
completely hardened. At that time, as the pressing method, a 
laminator that presses the PZT plate (250) by heating at 60-70°C 
or a CIP method (cold isostatic press) that presses the plate by 
a hydraulic pressure is used. 
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As shown in Figure 3f, at the PZT sintering step, the 
pressed PZT plate (250) and the plastic injected product (310) 
are not separated but are simultaneously sintered at a 
prescribed temperature. In the sintering process, the plastic 
injected product (310) is eliminated, and only the PZT sintered 
body with an ultrasonic transducer array pattern is left. This 
PZT sintered body becomes an ultrasonic - transducer array shape 
structure. At that time, the sintering is advanced at 1,100- 
1,200°C. 

The application example of the present invention explained 
above is only one application example, and the present invention 
is not limited to the above-mentioned example. Also, needless 
to say, the above-mentioned application example can be changed 
or modified. 

For example, a surface treatment process for reinforcing 
the surface of the metal mold can also be further included. In 
other words, the surface can be plated with Ni-P, Ni-B, W, etc., 
or coated with W, TiN, etc., through a CVD. 

Also, at the developing step, the developing can be more 
perfectly carried out by applying an acoustic wave. 
(Effects of the invention) 

As explained above, in the method for manufacturing an 
ultrasonic transducer array shape structure of the present 
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invention, not only the plastic molds can be mass-produced using 
a metal mold, but the metal mold instead of a PZT slurry is 
pressed as it is against the PZT plate, so that the time 
required for drying the PZT slurry and the complexity of the 
processes can be solved. 

4 . Claims 

1. A method for manufacturing an ultrasonic transducer 
array shape structure, characterized by including a step that 
forms a photosensitive layer on an electroconductive substrate 
and exposes the above-mentioned photosensitive layer by 
irradiating a light source onto the above-mentioned 
photosensitive layer through a mask; a step that forms a 
photosensitive layer structure by developing the above-mentioned 
exposed photosensitive layer until the upper surface of the 
above-mentioned electroconductive substrate is exposed; a step 
that forms a metal mold by plating the above-mentioned 
photosensitive layer structure with a metal; a step that forms 
an ultrasonic transducer array pattern on the above-mentioned 
PZT plate by pressing the above-mentioned metal mold against the 
PZT plate; and a PZT plate sintering step that sinters the 
above-mentioned PZT plate on which the above-mentioned 
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ultrasonic transducer array pattern has been formed at a fixed 
temperature . 

2. The method for manufacturing an ultrasonic transducer 
array shape structure of Claim 1, characterized by the fact that 
X-rays or ultraviolet rays are used as the light source being 
used at the step that exposes the above-mentioned photosensitive 
layer . 

3. The method for manufacturing an ultrasonic transducer 
array shape structure of Claim 1, characterized by the fact that 
a PMMA plate is used as the above-mentioned photosensitive 
layer . 

4 . The method for manufacturing an ultrasonic transducer 
array shape structure of Claim 1, characterized by the fact that 
a pretreatment step that removes photosensitive layer remnants 
in the above-mentioned developed part by using an 0 2 plasma is 
further included. 

5. A method for manufacturing an ultrasonic transducer 
array shape structure, characterized by including a step that 
forms a photosensitive layer on an electroconductive substrate 
and exposes the above-mentioned photosensitive layer by 
irradiating a light source onto the above-mentioned 
photosensitive layer through a mask; a step that forms a 
photosensitive layer structure by developing the above-mentioned 



exposed photosensitive layer until the upper surface of the 
above-mentioned electroconductive substrate is exposed; a step 
that forms a metal mold by plating the above-mentioned 
photosensitive layer structure with a metal; a step that injects 
a plastic mold by using the above-mentioned metal mold; a ZPT 
plate pressing step that forms an ultrasonic transducer array 
pattern by pressing the above-mentioned plastic mold against the 
PZT plate; and a PZT plate sintering step that sinters the 
above-mentioned PZT plate on which the above-mentioned 
ultrasonic transducer array pattern has been formed at a fixed 
temperature after the plastic mold is pressed. 

6. The method for manufacturing an ultrasonic transducer 
array shape structure of Claim 5, characterized by the fact that 
a laminator method that presses the above-mentioned PZT plate by 
heating it at a fixed temperature or a CIP method that presses 
the plate by a hydraulic pressure is used as the above-mentioned 
PZT plate pressing step. 
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Figure la: 
1. X-rays 
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Figure 
X-rays 

Figure 
X-rays 



